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TOROIDAL TYPE CONTINUOUSLY 
VARIABLE TRANSMISSION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
A toroidal type continuously variable transmission 

according to the present invention can be used, for example, 
as a speed change unit of a transmission of a motor vehicle 
or transmissions of various industrial machines. 

2. Related Background Art 
A toroidal type continuously variable transmission sche 

matically shoWn in FIGS. 7 and 8 has been investigated for 
use as a transmission of a motor vehicle. For example, as 
disclosed in Japanese Utility Model Laid-Open Application 
No. 62-71465, in such a toroidal type continuously variable 
transmission, an, input side disk 2 is supported in coaxial 
relationship With an input shaft 1 and an output side disk 4 
is secured to an end of an output shaft 3 disposed in coaxial 
relationship With the input shaft 1. Within a casing contain 
ing the torodial type continuously variable transmission, 
there are provided trunnions 6 rockable around pivot shafts 
5 transverse to the input shaft 1 and the output shaft 3. 

Each trunnion 6 is provided at opposite end surfaces With 
the pivot shafts 5 in coaxial relationship With each other. 
Further, central portions of the trunnions 6 support proximal 
ends of displacement shafts 7 so that inclination angles of 
the displacement shafts 7 can be adjusted by rocking or 
sWinging the trunnions 6 around the pivot shafts 5. PoWer 
rollers 8 are rotatably supported around the displacement 
shafts 7 supported by the trunnions 6. The poWer rollers 8 
are interposed betWeen opposed inner surfaces 2a and 4a of 
the input side disk 2 and the output side disk 4. The inner 
surfaces 2a, 4a have concave surfaces obtained by rotating 
arcs having centers on the pivot shafts 5. Peripheral surfaces 
8a of the poWer rollers 8 having spherical convex shapes 
abut against the inner surfaces 2a, 4a. 
A pressing device 9 of loading cam type is disposed 

betWeen the input shaft 1 and the input side disk 2 so that the 
input side disk 2 can be urged elastically toWard the output 
side disk 4 by the pressing device 10. The pressing device 9 
comprises a loading cam (cam plate) 10 rotated together 
With the input shaft 1, and a plurality (for example, four) of 
rollers 12 rotatably held by a holder 11. One side surface 
(right side surface in FIGS. 7 and 8) of the loading cam 10 
is constituted as a cam surface 13 having unevenness or 

undulation extending along a circumferential direction, and 
an outer surface (left side surface in FIGS. 7 and 8) of the 
input side disk 2 has a similar cam surface 14. The plurality 
of rollers 12 are rotatably supported for rotation around axes 
extending radially With respect to the center line of the input 
shaft 1. 

In use of the toroidal type continuously variable trans 
mission having the above-mentioned construction, When the 
loading cam 10 is rotated as the input shaft 1 is rotated, the 
plurality of rollers 12 are urged against the cam surface 14 
formed on the outer surface of the input side disk 2 by the 
cam surface 13. As a result, the input side disk 2 is urged 
against the plurality of poWer rollers 8, and, at the same time, 
due to the frictional engagement betWeen the cam surfaces 
13, 14 and the plurality of rollers 12, the input side disk 2 is 
rotated. Rotation of the input side disk 2 is transmitted to the 
output side disk 4 through the plurality of poWer rollers 8, 
thereby rotating the output shaft 3 secured to the output side 
disk 4. 

In a case Where a rotational speed ratio (speed change 
ratio) betWeen the input shaft 1 and the output shaft 3 is 
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changed, When deceleration is effected betWeen the input 
shaft 1 and the output shaft 3, the trunnions 6 are rocked or 
sWung around the pivot shafts 5 in predetermined directions, 
thereby inclining the displacement shafts 7 so that the 
peripheral surfaces 8a of the poWer rollers 8 abut against a 
portion of the inner surface 2a of the input side disk 2 near 
the center and a portion of the inner surface 4a of the output 
side disk 4 near its outer periphery, respectively, as shoWn in 
FIG. 7. On the other hand, When acceleration is effected, the 
trunnions 6 are rocked around the pivot shafts 5 in opposite 
directions, thereby inclining the displacement shafts 7 so 
that the peripheral surfaces 8a of the poWer rollers 8 abut 
against a portion of the inner surface 2a of the input side disk 
2 near its outer periphery and a portion of the inner surface 
4a of the output side disk 4 near the center, respectively, as 
shoWn in FIG. 8. If the inclination angles of the displace 
ment shafts 7 are selected to an intermediate value betWeen 
FIG. 7 and FIG. 8, an intermediate speed change ratio can 
be obtained. 

FIGS. 9 and 10 shoW an example of a toroidal type 
continuously variable transmission, described in Japanese 
Utility Model Application Laid-Open No. 1-173552. An 
input side disk 2 and an output side disk 4 are rotatably 
supported around a cylindrical input shaft 15 via needle 
bearings 16, respectively. Through holes 17 having circular 
cross-section are formed in central portions of the input side 
disk 2 and the output side disk 4 so that they pass through 
inner and outer surfaces of the disks 2, 4 axially (in a 
left-and-right direction in FIG. 9). The needle bearings 16 
are disposed betWeen inner peripheral surfaces of the 
through holes 17 and an outer peripheral surfaces of an 
intermediate portion of the input shaft 15. Further, locking 
grooves 18 formed in inner peripheral surfaces of the 
through holes 17 near inner surfaces receive stop rings 19 to 
prevent the needle bearings 16 from dislodging from the 
through holes 17 toWard the inner surfaces 2a, 4a of the 
disks 2, 4. A loading cam 10 is spline-connected to an end 
(left end in FIG. 9) of the input shaft 15 so that the loading 
cam is prevented from shifting aWay from the input side disk 
2 by a ?ange 20. The loading cam 10 and rollers 12 
constitute a pressing device 9 for rotating the input side disk 
2 While urging the input side disk toWard the output side disk 
4 in response to rotation of the input shaft 15. An output gear 
21 is coupled to the output side disk 4 via keys 22 so that the 
output side disk 4 and the output gear 21 are rotated in a 
synchronous manner. 
The ends of a pair of trunnions 6 are supported by a pair 

of support plates 23 for rocking movement and axial dis 
placement movement (in a front-and-rear direction in FIG. 
9 and left-and-right direction in FIG. 10). Circular holes 24 
formed in intermediate portions of the trunnions 6 support 
displacement shafts 7. The displacement shafts 7 have 
support shaft portions 25 and pivot shaft portions 26 Which 
are parallel to each other and are eccentric from each other. 
The support shaft portions 25 are rotatably supported Within 
the circular holes 24 via radial needle bearings 27. Further, 
poWer rollers 8 are rotatably supported around the pivot 
shaft portions 26 via other radial needle bearings 28. 
The pair of displacement shafts 7 are disposed at positions 

diametrically opposed With respect to the input shaft 15. 
Further, directions along Which the pivot shaft portions 26 of 
the displacement shafts 7 are eccentric With respect to the 
support shaft portions 25 are the-same With respect to the 
rotational directions of the input side and output side disk 2, 
4 (opposite directions in FIG. 10). Further, the eccentric 
directions are substantially perpendicular to the extending 
direction of the input shaft 15. Accordingly, the poWer 
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rollers 8 are supported for slight displacement along the 
extending direction of the input shaft 15. As a result, due to 
elastic deformation of structural members caused by great 
load acting on the members in the rotational force transmit 
ting condition, even When the poWer rollers 8 have tendency 
for displacing toWard the aXial direction (left-and-right 
direction in FIG. 9 and front-and-rear direction in FIG. 10) 
of the input shaft 15, the displacement can be absorbed 
Without applying excessive force to the structural elements. 

Further, betWeen the outer surfaces of the poWer rollers 8 
and the inner surfaces of the intermediate portions of the 
trunnions 6, there are disposed thrust ball bearings 29 and 
thrust needle bearings 30 in order from the outer surfaces of 
the poWer rollers 8. The thrust ball bearings 29 permit 
rotations of the poWer rollers 8 While supporting thrust load 
acting on the poWer rollers 8. The thrust needle bearings 30 
permit the pivot shaft portions 26 and outer races 31 
constituting parts of the thrust ball bearings 29 to rock 
around the support shaft portions 25 While supporting thrust 
load acting on the outer races 31 from the poWer rollers 8. 

Further, drive rods 32 are connected to respective ends 
(left ends in FIG. 10) of the trunnions 6, and drive pistons 
33 are secured to outer peripheral surfaces of intermediate 
portions of the drive rods 32. The drive pistons 33 are 
mounted Within drive cylinders 34 in an oil tight fashion. 

In the case of the toroidal type continuously variable 
transmission having the above-mentioned construction, the 
rotation of the input shaft 15 is transmitted to the input side 
disk 2 through the pressing device 9. The rotation of the 
input side disk 2 is transmitted to the output side disk 4 
through the pair of poWer rollers 8, and the rotation of the 
output side disk 4 is picked up by the output gear 21. When 
the rotational speed ratio betWeen the input shaft 15 and the 
output gear 21 is changed, the pair of drive pistons 33 are 
displaced in opposite directions. In response to the displace 
ment of the drive pistons 33, the pair of trunnions 6 are 
displaced in opposite directions, With the result that, for 
eXample, the loWer (in FIG. 10) poWer roller 8 is displaced 
to the right in FIG. 10 and the upper (in FIG. 10) poWer 
roller 8 is displaced to the left in FIG. 10. As a result, 
directions of tangential forces acting on contact areas 
betWeen the peripheral surfaces 8a of the poWer rollers 8 and 
the inner surfaces 2a, 4a of the input and output side disks 
2, 4 are changed. In response to the change in directions of 
forces, the trunnions 6 are rocked in opposite directions 
around the pivot shafts 5 rotatably supported by the support 
plates 23. As a result, as shoWn in FIGS. 7 and 8, the contact 
areas betWeen the peripheral surfaces 8a of the poWer rollers 
8 and the inner surfaces 2a, 4a are changed, thereby chang 
ing the rotational speed ratio betWeen the input shaft 15 and 
the output gear 21. 

Incidentally, When the rotational force is transmitted 
betWeen the input shaft 15 and the output gear 21 in this Way, 
in response to the elastic deformation of the structural 
members, the poWer rollers 8 are displaced in the aXial 
direction of the input shaft 15 and the displacement shafts 7 
rotatably supporting the poWer rollers 8 are slightly rotated 
around the support shaft portions 25. As a result of such 
rotation, outer surfaces of the outer races 31 of the thrust ball 
bearings 29 and inner surfaces of the trunnions 6 are 
displaced relative to each other. Since the thrust needle 
bearings 30 are disposed betWeen such outer surfaces and 
inner surfaces, a force required for effecting such relative 
displacement is small. Accordingly, a force for changing the 
inclination angles of the displacement shafts 7 becomes 
small. 

Further, as shoWn in FIGS. 11 and 12, there has been 
proposed an arrangement of so-called double cavity type in 
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4 
Which tWo input side disks 2A, 2B corresponding to ?rst and 
second outer disks and tWo output side disks 4 correspond 
ing to ?rst and second inner disks are provided around an 
input shaft 15a and the tWo input side disks 2A, 2B and the 
tWo output side disks 4 are arranged in parallel With respect 
to a poWer transmitting direction. In the arrangement shoWn 
in FIGS. 11 and 12, an output gear 21a is supported around 
an intermediate portion of the input shaft 15a for rotation 
With respect to the input shaft 15a and the output side disks 
4 are spline-connected to both ends of a cylindrical sleeve 45 
provided on the center of the output gear 21a. Needle 
bearings 16 are provided betWeen inner peripheral surfaces 
of through holes 17 formed in the output side disks 4 and an 
outer peripheral surface of the input shaft 15a so that the 
output side disks 4 are supported around the input shaft 15a 
for rotation and aXial displacement movement With respect 
to the input shaft 15a. Further, the input side disks 2A, 2B 
are supported on both ends of the input shaft 15a for rotation 
together With the input shaft 15a. The input shaft 15a is 
rotatingly driven by a drive shaft 35 through a pressing 
device 9 of loading cam type. Incidentally, a radial bearing 
36 such as a sliding bearing or a needle bearing is disposed 
betWeen an outer peripheral surface of a leading end portion 
(right end portion in FIGS. 11 and 12) of-the drive shaft 35 
and an inner peripheral surface of a proXimal end (left end 
in FIGS. 11 and 12) of the input shaft 15a. Accordingly, the 
drive shaft 35 and the input shaft 15a are arranged in a 
coaXial relationship and are assembled for slight displace 
ment in a rotational direction. 

Aback surface (right surface in FIGS. 11 and 12) of one 
(right one in FIGS. 11 and 12) of the input side disks 2A 
abuts against a loading nut 37 via a cone-shaped leaf spring 
38 having great elasticity, thereby substantially preventing 
aXial (left-and-right direction in FIGS. 11 and 12) displace 
ment of the input side disk relative to the input shaft 15a. On 
the other hand, the input side disk 2B opposed to the loading 
cam 10 is supported on the input shaft 15a via a ball spline 
39 for aXial displacement movement. A cone-shaped leaf 
spring 41 is disposed betWeen an outer surface (left surface 
in FIGS. 11 and 12) of the input side disk 2B and a locking 
stepped portion formed on the outer peripheral surface of the 
intermediate portion of the input shaft 15a. The cone-shaped 
leaf spring 41 has elasticity smaller than that of the cone 
shaped leaf spring 38 and serves to apply pre-pressure to 
contact areas betWeen the inner surfaces 2a, 4a of the disks 
2A, 2B, 4 and the peripheral surfaces 8a of the poWer rollers 
8. 

Further, the output gear 21a is rotatably supported by a 
partition Wall 42 Within the housing via a pair of ball 
bearings 43 of angular type While preventing aXial displace 
ment of the output gear. Incidentally, the reason Why the 
toroidal type continuously variable transmission of double 
cavity type shoWn in FIGS. 11 and 12 supports one or both 
of the input side disks 2A, 2B opposed to the loading cam 
10 on the input shaft 15a for aXial displacement movement 
via the ball splines 39 is that the both disks 2A, 2B can be 
displaced in the aXial direction With respect to the input shaft 
15a in response to elastic deformation of structural members 
caused by the operation of the pressing device 9 While 
synchroniZing the rotations of both disks 2A, 2B. 
When the above-mentioned toroidal type continuously 

variable transmission of double cavity type is operated, the 
rotation of the drive shaft 35 is transmitted to the (left in 
FIG. 11) input side disk 2B through the pressing device 9 
and then the rotation is transmitted to the other input side 
disk 2A through the input shaft 15a, With the result that, both 
input side disks 2A, 2B are rotated synchronously. The 
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rotation of the input side disks 2A, 2B is transmitted to the 
pair of output side disks 4 through the plurality (tWo pairs in 
the illustrated example) of poWer rollers 8. As a result, the 
sleeve 45 having both ends spline-connected to the is output 
side disks 4 is rotated, so that the output gear 21a secured to 
the outer peripheral surface of the intermediate portion of 
the sleeve 45 is also rotated. In this Way, in the toroidal type 
continuously variable transmission of double cavity type, 
since the transmission of rotation from the drive shaft 35 to 
the output gear 21a is effected by tWo parallel systems, great 
torque can be transmitted. Further, by changing the inclina 
tion angles of the poWer rollers 8 disposed betWeen the disks 
2A, 2B, 4 in a synchronous manner, the speed change ratio 
betWeen the input side disks 2A, 2B and the output side disks 
4 can be changed. 

In case of the conventional arrangement shoWn in FIGS. 
11 and 12, since the pair of output side disks 4 are spline 
connected to both ends of the sleeve 45 to Which the output 
gear 21a is secured, thickness of both ends of the sleeve 45 
becomes inevitably smaller. Thus, torsional rigidity of the 
ends is reduced, With the result that it is difficult to transmit 
great torque betWeen the output side disks 4 and the sleeve 
45. Increase in thickness of the sleeve 45 is not preferable 
because it Will be dif?cult to make the toroidal type con 
tinuously variable transmission compact and lightWeight. 

SUMMARY OF THE INVENTION 

The present invention is made in consideration of the 
above-mentioned circumstances. 
As is in conventional toroidal type continuously variable 

transmissions of double cavity type, for example, as shoWn 
in FIGS. 11 and 12, a toroidal type continuously variable 
transmission according to the present invention comprises 
?rst and second outer disks supported in coaxial relationship 
With each other and capable of being rotated synchronously 
in such an arrangement that inner surfaces of the disks are 
opposed to each other, a ?rst inner disk supported in coaxial 
relationship With the ?rst and second outer disks and capable 
of being rotated independently from the ?rst and second 
outer disks and having an inner surface opposed to the inner 
surface of the ?rst outer disk, a second inner disk supported 
in coaxial relationship With the ?rst inner disk and capable 
of being rotated synchronously With the ?rst inner disk and 
having an inner surface opposed to the inner surface of the 
second outer disk, a plurality of ?rst pivot shafts disposed 
betWeen the ?rst outer disk and the ?rst inner disk at 
positions Where the pivot shafts do not intersect With a 
central axis of these discs but extend along directions 
perpendicular to the central axis, a plurality of ?rst trunnions 
rockable around the ?rst pivot shafts, ?rst displacement 
shafts protruded from inner surfaces of the ?rst trunnions, a 
plurality of ?rst poWer rollers rotatable supported around the 
?rst displacement shafts and interposed betWeen the inner 
surface of the ?rst outer disk and the inner surface of the ?rst 
inner disk, a plurality of second pivot shafts disposed 
betWeen the second outer disk and the second inner disk at 
positions Where the pivot shafts do not intersect With a 
central axis of these discs but extend along directions 
perpendicular to the central axis, a plurality of second 
trunnions rockable around the second pivot shafts, second 
displacement shafts protruded from inner surfaces of the 
second trunnions, and a plurality of second poWer rollers 
rotatably supported around the second displacement shafts 
and interposed betWeen the inner surface of the second outer 
disk and the inner surface of the second inner disk; and the 
?rst and second inner disks are supported on both end 
portions of a cylindrical sleeve for rotation in synchronous 
manner With the sleeve. 
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Particularly in the toroidal type continuously variable 

transmission according to the present invention, concave 
portions or convex portions are formed on the opposed outer 
surfaces of the ?rst and second inner disks, and convex 
portions or concave portions are formed on edge portions of 
the axial ends of the sleeve. And, by engaging the concave 
portions or convex portions formed on the opposed outer 
surfaces of the ?rst and second inner disks With the convex 
portions or concave portions formed on the edge portions of 
the axial ends of the sleeve, synchronous rotations of the ?rst 
and second inner disks and transmission of a rotational force 
betWeen the ?rst and second inner disks and the sleeve can 
be achieved. 

The function of the toroidal type continuously variable 
transmission of the present invention having the above 
mentioned arrangements for transmitting the rotational force 
from the ?rst and second outer disks to the ?rst and second 
inner disks through the tWo systems and the function for 
changing the speed change ratio betWeen the ?rst and second 
outer disks and the ?rst and second inner disks are the same 
as those in the conventional toroidal type continuously 
variable transmissions of double cavity type as shoWn in 
FIGS. 11 and 12. 

In the case of the toroidal type continuously variable 
transmission of the present invention, since the arrangement 
for rotating the ?rst and second inner disks and the sleeve 
synchronously is obtained by the engagement betWeen the 
axial concave and convex portions, due to the engagement, 
a thickness of portions of the sleeve in the engagement areas 
betWeen the sleeve and the ?rst and second inner disks is not 
reduced. Thus, Without particularly increasing the thickness 
of the sleeve, great torque can be transmitted While main 
taining adequate endurance of the sleeve. 
The other objects and features of the present invention 

Will be apparent from the folloWing explanation regarding 
embodiments thereof referring to the accompanying draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial sectional vieW shoWing a ?rst embodi 
ment of the present invention; 

FIG. 2 is a perspective vieW of a pair of output side disks 
to be incorporated into the ?rst embodiment; 

FIG. 3 is an end perspective vieW of a sleeve; 

FIG. 4 is a perspective vieW of an output side disk to be 
incorporated into a second embodiment of the present inven 
tion; 

FIG. 5 is an end perspective vieW of a sleeve; 

FIG. 6 is a partial sectional vieW shoWing a third embodi 
ment of the present invention; 

FIG. 7 is a side vieW shoWing a fundamental construction 
of a conventional toroidal type continuously variable trans 
mission in a maximum deceleration condition; 

FIG. 8 is a side vieW shoWing the toroidal type continu 
ously variable transmission in a maximum acceleration 
condition; 

FIG. 9 is a sectional vieW shoWing a ?rst example of a 
detailed construction of a toroidal type continuously variable 
transmission; 

FIG. 10 is a sectional vieW taken along the line 10—10 in 
FIG. 9: 

FIG. 11 a partial sectional vieW shoWing a second 
example of a detailed construction of a toroidal type con 
tinuously variable transmission; and 
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FIG. 12 is a sectional vieW taken along the line 12—12 in 
FIG. 11. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIGS. 1 to 3 show a ?rst embodiment of the present 
invention. The present invention is characterized by engage 
ment portions betWeen a pair of outside disks (?rst and 
second inner disks) 4 and axial end portions of a sleeve 45 
having an outer peripheral surface of its intermediate portion 
to Which an output gear 21a is secured. Since the other 
arrangements and functions are the same as those in the 
aforementioned technique shoWn in FIGS. 11 and 12, expla 
nation and illustration of the same or similar parts Will be 
omitted or simpli?ed, and the characteristic portions of the 
present invention Will mainly be explained hereinbeloW. 

Sector-shaped convex (protruding portions 47 as shoWn in 
FIG. 2 are formed on opposed surfaces of the pair of output 
side disks 4 at tWo diametrically opposed positions regard 
ing through holes 17 formed in the centers of the output side 
disks 4. The convex portions 47 are located on a circle 
around the through hole 17. On the other hand, notched 
concave recessed) portions 48 as shoWn in FIG. 3 are formed 
in edges of both axial ends of the sleeve 45 at tWo diametri 
cally opposed positions. Width-Wise dimensions W48 of the 
concave portions 48 are equal to or slightly greater than 
Width-Wise dimensions W47 of the convex portions 47 
(W48 ZWM), so that the convex portions 47 can be ?tted into 
the concave portions 48 Without any play. Incidentally, since 
the concave portions 48 and the convex portions 47 are 
diametrically opposed; respectively, in a condition that the 
concave portions 48 and the convex portions 47 are ?tted to 
each other, the output side disks 4 and the sleeve 45 can be 
arranged in coaxial With each other. 
As shoWn in FIG. 1, the above-mentioned output side 

disks 4 and sleeve 45 are assembled so that the convex 
portions 47 are ?tted into the concave portions 48 Without 
any play, thereby forming a toroidal type continuously 
variable transmission of double cavity type. In the 
assembled condition and in a running condition, the output 
side disks 4 are urged toWard both end edges of the sleeve 
45 by a plurality of poWer rollers 8 (FIG. 11), respectively. 
Accordingly, the engagement betWeen the concave portions 
48 and the convex portions 47 is not accidentally released, 
so that synchronous rotations of the pair of output side disks 
4 and transmission of a rotational force betWeen the pair of 
output side disks 4 and the sleeve 45 can be achieved. 

In case of the toroidal type continuously variable trans 
mission of the present invention having the above 
mentioned construction, since the structure for rotating the 
pair of output side disks 4 and the sleeve 45 in a synchronous 
manner is obtained by the engagement betWeen the convex 
portions 47 protruded axially and the concave portions 48 
recessed axially, due to the engagement, a thickness of 
portions of the sleeve 45 in the engagement areas betWeen 
the sleeve and the pair of output side disks 4 is not reduced 
at both axial ends. Thus, Without particularly increasing the 
thickness of the sleeve 45, great torque can be transmitted 
While maintaining adequate endurance of the sleeve 45. 

Incidentally, in case of the toroidal type continuously 
variable transmission of the present embodiment the output 
side disks 4 can be displaced diametrically With respect to 
the sleeve 45. So ball bearings 43 for supporting the sleeve 
45 cannot regulate diametrical positions of the output side 
disks 4. HoWever, since the output side disks 4 are posi 
tioned in the diametrical direction by means of needle 
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bearings 16 betWeen the output side disks and an outer 
peripheral surface of an input shaft 15a, during the operation 
of the toroidal type continuously variable transmission, the 
output side disks 4 are not deviated in the diametrical 
direction. 

Further, it is preferable that an outer diameter D 47 of each 
convex portion 47 is greater than an inner diameter R17 of 
each of the through holes 17 formed in the centers of the 
output side disks 4 by 1.2 to 2.5 times (D47=(1.2 to 2.5) R17). 
If the outer diameter D 47 of the convex portion 47 is smaller 
than such a value (D47<1.2 R17), it is dif?cult to ensure 
strength of the convex portions 47. On the other hand, if the 
outer diameter D47 of the convex portion 47 exceeds such a 
value (D 47>2.5 R17), in order to prevent interference 
betWeen the convex portions 47 and outer races of the ball 
bearings 43, it is required that outer diameters of the ball 
bearings 43 be increased excessively, thereby making com 
pactness and Weight reduction of the toroidal type continu 
ously variable transmission dif?cult. Further, it is preferable 
that an axial height H47 of the convex portion 47 is greater 
than 1/20 and smaller than 1A of an axial length L4 of the 
output side disk 4 {H47=(1/20 to M1) L4}. If the height H47 of 
the convex portion 47 is smaller than such a value {H47< 
(1/20) L4}, it is dif?cult to ensure strength of the engagement 
portions betWeen the convex portions 47 and the concave 
portions 48. On the other hand, if the height H47 of the 
convex portion 47 is greater than such a value {H47>(%) 
L4}, axial lengths of the engagement portions betWeen the 
convex portions 47 and the concave portions 48 become 
great, thereby not only making compactness and Weight 
reduction of the toroidal type continuously variable trans 
mission dif?cult, but also making maintenance of torsional 
rigidity of the engagement portions betWeen the convex 
portions 47 and the concave portions 48 dif?cult. 
Incidentally, dimensional relationship betWeen such parts 
are also the same in a second embodiment of the present 
invention Which Will be described hereinbeloW. 

FIGS. 4 and 5 shoW a second embodiment of the present 
invention. In this second embodiment, a partially cut annular 
projection 49 as shoWn in FIG. 4 is formed on the outer 
surface of each output side disk 4, and tWo diametrically 
opposed discontinuous regions of the projection 49 consti 
tute concave portions 48a. On the other hand, convex 
portions 47a are formed on edges of both axial ends of the 
sleeve 45 at tWo diametrically opposed positions. Also in 
this embodiment, a Width-Wise dimension W48a of each 
concave portion 48a is selected to be equal to or slightly 
greater than a Width-Wise dimension W47a of each convex 
portion 47a (W48HZW47a) so that the convex portions 47a 
can be ?tted into the concave portions 48a Without any play. 
The second embodiment is the same an the ?rst 
embodiment, except that the concave portions and the con 
vex portions are formed reversely. 

Incidentally, in the above-mentioned embodiment, the 
convex portions 47a and the concave portions 48a are 
diametrically opposed. In order to stabiliZe transmission of 
the rotational force betWeen the output side disks 4 and the 
sleeve 45, it is required that a plurality of convex portions 
47a and a plurality of concave portions 48a be provided 
equidistantly along a circumferential direction. As is in the 
illustrated embodiment, When the convex portions 47a and 
the concave portions 48a are provided at tWo diametricaly 
opposed positions, a structure for transmitting the rotation 
stably can be achieved With loW cost by a relatively simple 
Working. HoWever, if cost may be increased, three or more 
(for example, three or four) convex portions 47a and con 
cave portions 48a may be provided equidistantly along a 
circumferential direction. 



US 6,375,595 B1 
9 

FIG. 6 shows a third embodiment of the present invention. 
In the ?rst embodiment shown in FIG. 1, in order to support 
the sleeve 45 by the partition Wall 42, the pair of ball 
bearings 43 of angular type are arranged in the front assem 
bling (DF) manner, and the radial needle bearings 50 are 
disposed betWeen the inner peripheral surface of the sleeve 
45 and the outer peripheral surface of the input shaft 15a to 
prevent the falling of the sleeve 45. To the contrary, in the 
third embodiment, in order to support the sleeve 45 by the 
partition Wall 42, a pair of ball bearings 43 of angular type 
are arranged in a back assembling (DB) manner, and the 
radial needle bearings 50 are omitted. The other construc 
tions and functions are the same as those in the ?rst 
embodiment. 

Since the present invention has the above-mentioned 
arrangement so that, even When the thickness of the sleeve 
is not particularly increased, great torque can be transmitted 
While ensuring adequate endurance of the sleeve, a compact 
and light-Weight toroidal type continuously variable trans 
mission can be provided. 
Many Widely different embodiments of the present inven 

tion may be constructed Without departing from the spirit 
and scope of the present invention. It should be understood 
that the present invention is not limited to the speci?c 
embodiments described in the speci?cation, except as 
de?ned in the appended claims. 
What is claimed is: 
1. Atoroidal continuously variable transmission, compris 

ing: 
?rst and second outer disks supported in coaxial relation 

ship With each other and capable of being rotated 
synchronously, inner surfaces of said disks being faced 
toWard each other; 

a ?rst inner disk supported in coaxial relationship With 
said ?rst and second outer disks and capable of being 
rotated relative to said ?rst and second outer disks, said 
?rst inner disk having an inner surface opposed to the 
inner surface of said ?rst outer disk; 

a second inner disk supported in coaxial relationship With 
said ?rst inner disk and capable of being rotated 
synchronously With said ?rst inner disk, said second 
inner disk having an inner surface opposed to the inner 
surface of said second outer disk and an outer surface 
opposed to an outer surface of said ?rst inner disk; 

a plurality of ?rst pivot shafts disposed betWeen said ?rst 
outer disk and said ?rst inner disk at positions Where 
said ?rst pivot shafts do not intersect With a central axis 
of the inner disks and the outer disks but extend along 
directions perpendicular to the central axis; 

a plurality of ?rst trunnions rockable via said ?rst pivot 
shafts; 

?rst displacement shafts protruded from inner surfaces of 
said ?rst trunnions; 

a plurality of ?rst poWer rollers rotatably supported 
around said ?rst displacement shafts and interposed 
betWeen the inner surface of said ?rst outer disk and the 
inner surface of said ?rst inner disk; 

a plurality of second pivot shafts disposed betWeen said 
second outer disk and said second inner disk at posi 
tions Where said second pivot shafts do not intersect 
With said central axis but extend along directions 
perpendicular to said central axis; 

a plurality of second trunnions rockable via said second 
pivot shafts; 

second displacement shafts protruded from inner surfaces 
of said second trunnions; and 
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a plurality of second poWer rollers rotatably supported 

around said second displacement shafts and interposed 
betWeen the inner surface of said second outer disk and 
the inner surface of said second inner disk; 

Wherein said ?rst and second inner disks are engaged, 
respectively, With opposite axial end portions of a 
cylindrical sleeve for rotation synchronously With said 
sleeve; 

said outer surface of each inner disk has only a single pair 
of concave or convex portions engaged With only a 
single pair of convex or concave portions on the 
corresponding axial end of said sleeve; and 

said engaged portions of each inner disk With said sleeve 
include surfaces that extend substantially parallel to 
said central axis and that are positioned such that said 
inner disks are displaceable relative to said sleeve 
substantially perpendicularly to said central axis. 

2. A toroidal continuously variable transmission accord 
ing to claim 1, Wherein an output gear is secured at an 
intermediate portion of an outer peripheral surface of said 
sleeve. 

3. A toroidal continuously variable transmission accord 
ing to claim 2, Wherein a pair of ball bearings are arranged 
betWeen said sleeve and a partition Wall provided inside of 
a casing, in order to support said output gear by said partition 
Wall. 

4. A toroidal continuously variable transmission accord 
ing to claim 1, Wherein a Width of each concave portion is 
equal to or slightly larger than a Width of the corresponding 
convex portion. 

5. A toroidal continuously variable transmission accord 
ing to claim 1, Wherein an outer diameter of each convex 
portion is greater than a diameter of an axial through hole 
formed in a central portion of the corresponding one of said 
inner disk and said sleeve by 1.2 to 2.5 times. 

6. A toroidal continuously variable transmission accord 
ing to claim 1, Wherein said convex portions are arranged at 
outer axial end surfaces of said inner disks, and a height of 
each said convex portion in a direction of said central axis 
is greater than 1/20 and smaller than 1A of an axial length of 
the corresponding inner disk. 

7. A toroidal continuously variable transmission accord 
ing to claim 1, Wherein said concave portions are de?ned by 
discontinuous annular projections provided at outer axial 
end surfaces of said inner disks, With discontinuous portions 
of each projection being arranged at equal intervals circum 
ferentially of the corresponding inner disk. 

8. Atoroidal continuously variable transmission, compris 
ing: 

?rst and second outer disks supported in coaxial relation 
ship With each other and capable of being rotated 
synchronously, inner surfaces of said disks being faced 
toWard each other; 

a ?rst inner disk supported in coaxial relationship With 
said ?rst and second outer disks and capable of being 
rotated relative to said ?rst and second outer disks, said 
?rst inner disk having an inner surface opposed to the 
inner surface of said ?rst outer disk; 

a second inner disk supported in coaxial relationship With 
said ?rst inner disk and capable of being rotated 
synchronously With said ?rst inner disk, said second 
inner disk having an inner surface opposed to the inner 
surface of said second outer disk and an outer surface 
opposed to an outer surface of said ?rst inner disk; 

a plurality of ?rst poWer rollers rockably disposed 
betWeen the inner surface of said ?rst outer disk and the 
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inner surface of said ?rst inner disk to transmit rotation 
therebetWeen; 

a plurality of second poWer rollers rockably disposed 
betWeen the inner surface of said second outer disk and 
the inner surface of said second inner disk to transmit 
rotation therebetWeen; 

Wherein said ?rst and second inner disks are engaged, 
respectively, With opposite aXial end portions of a 
cylindrical sleeve for rotation synchronously With said 
sleeve; 

said outer surface of each inner disk has only a single pair 
of concave or conveX portions engaged With only a 
single pair of conveX or concave portions on the 
corresponding aXial end of said sleeve; and 

said engaged portions of each inner disk With said sleeve 
include surfaces that eXtend substantially parallel to 
said central aXis and that are positioned such that said 
inner disks are displaceable relative to said sleeve 
substantially perpendicularly to said central aXis. 

9. A toroidal continuously variable transrnission accord 
ing to claim 8, Wherein an output gear is secured at an 
intermediate portion of an outer peripheral surface of said 
sleeve. 

10. A toroidal continuously variable transrnission accord 
ing to claim 9, Wherein a pair of ball bearings are arranged 
betWeen said sleeve and a partition Wall provided inside of 
a casing, in order to support said output gear by said partition 
Wall. 
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11. A toroidal continuously variable transrnission accord 

ing to claim 8, Wherein a Width of each concave portion is 
equal to or slightly larger than a Width of the corresponding 
conveX portion. 

12. A toroidal continuously variable transrnission accord 
ing to claim 8, Wherein an outer diameter of each conveX 
portion is greater than a diameter of an aXial through hole 
formed in a central portion of the corresponding one of said 
inner disk and said sleeve by 1.2 to 2.5 times. 

13. A toroidal continuously variable transrnission accord 
ing to claim 8, Wherein said conveX portions are arranged at 
outer aXial end surfaces of said inner disks, and a height of 
each said conveX portion in a direction of said central aXis 
is greater than 1/20 and smaller than 1A of an aXial length of 
the corresponding inner disk. 

14. A toroidal continuously variable transrnission accord 
ing to claim 8, Wherein said concave portions are de?ned by 
discontinuous annular projections provided at outer aXial 
end surfaces of said inner disks, With discontinuous portions 
of each projection being arranged at equal intervals circurn 
ferentially of the corresponding inner disk. 

15. A toroidal continuously variable transrnission accord 
ing to claim 1, Wherein said surfaces of said engaged 
portions are planar. 

16. A toroidal continuously variable transrnission accord 
ing to claim 8, Wherein said surfaces of said engaged 
portions are planar. 


